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Castle (1896) and Conklin (1905) observed that the release of gametes in three

species of solitary ascidians (Ciona intestinalis, Slycla partita and Molgula man-

Jiattensis) occurred at definite times during the daylight period. Ciona intestinalis

and Molgula uianliattcnsis spawn one to one and a half hours before sunrise and

Styela partita spawns during the late afternoon. Grave (1921, 1937) found, in the

colonial ascidian Amaroucium constellatum, that the greatest release of larvae

occurred at and just before sunrise but they continued to be liberated in small

numbers throughout the daylight period. He reported a similar phenomenon in

BotryUits sclilosscri ; in this colonial form the larvae are released in increasingly

greater numbers as the day advances, finally reaching a maximum at noon. Rose

(1939) recorded that Stvela partita could be induced to shed their eggs by subject-

ing them to 11-12 hours of light prior to the desired time of spawning. He observed

that the natural time for shedding occurred in the laboratory between 4 and 7 PM.

Furthermore, spawning under experimental conditions could be induced on four

or five successive days by controlling the illumination. As yet there has been no

study made of the characteristics of the illumination necessary to cause shedding.

In the present study the effects of the intensity and the wave-length of light upon

shedding have been investigated in two solitary oviparous ascidians which shed at

dawn Ciona intestinalis and Mohjula uianliattcnsis. Before this was done, how-

ever, it was necessary to determine the exact times of shedding in these two species.

MATERIALS AND METHOD

Ciona intestinalis and Mohjitla uianliattcnsis were obtained from the supply

department at the Marine Biological Laboratory, Woods Hole, Massachusetts,

during the months of June, July and August, 1965. These animals were kept for

several days in laboratory aquaria ; those ascidians which were sexually mature and

shedding gametes were selected for experimental purposes, and after being subjected

to a particular treatment they were discarded.

All experiments were conducted in a room where the ascidians were subjected

to a standard day consisting of 12 hours of light and 12 hours of darkness. In order

that two series of experiments could be carried out simultaneously, animals were

kept in black-painted light-tight boxes during the period of 12 hours of darkness.

1 This work was carried out during the summer of 1965 at the Marine Biological Laboratory,

Woods Hole, Massachusetts, while the author was a recipient of a Pennsylvania Plan Fellowship

in the Department of Animal Biology, School of Veterinary Medicine, University of Pennsyl-

vania, Philadelphia. Support was made available through training grant 5T1-HD 26-04 from

the National Institutes of Health.
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In one experiment light was provided from 9 AM to 9 PM, while in the second

experiment light was provided from 9 PM to 9 AM. In the method outlined ahove

some of the experiments were carried ont under conditions of lighting which were

completely reversed from the conditions existing in the animals' natural hahitat.

No apparent differences were ohserved between animals shedding at approximately

their normal time and those shedding in the reversed system of lighting.

The ascidians were kept individually in fingerbowls containing 250 ml. of filtered

sea water which was changed every 12 hours. The temperature of the sea water was

recorded at the time it was placed in the fingerbowl and at the end of the 12-hour

period just before it was replenished. The fingerbowls were placed on a black

surface to keep the reflection of light from the source to a minimum. (Reflecting

power of a black painted matt surface is less than l%.) The shedding response

was recorded as either positive when gametes were released or negative when no

gametes were shed.

Intensity

In the first series of light-intensity experiments, a standard light source 100-

watt bulb was used and the intensity varied by placing the ascidians at different

distances from the light source. The intensity of illumination from a constant light

source varies inversely as the square of the distance from that source. Theoretical

values of light intensity at various distances from the light source may be calculated

from the following equation :

Intensity of illumination at A dr,-

2

Intensity of illumination at B dA

where f/A and dH are the distances of A and B from the light source, respectively,

since manufacturers supply data on the intensity of illumination at 1 foot.

The shedding response was measured at 1 foot, 2 feet, 4 feet, and 8 feet from

the light source and the intensity of illumination was measured with a light meter

to check the theoretical calculations. Groups of six animals were placed in each

treatment and their shedding responses recorded on four successive days. In these

experiments the time when shedding occurred after the animals were introduced

into the light was tabulated for both species of ascidians.

In a second series of light-intensity experiments four different light sources

60-watt, 40-watt, 25-watt, and 15-watt bulbs were used at a standard distance

of eight feet from the animals.

Wave-length

Four Kodak Wratten gelatin niters were used to determine the effects of the

wave-length of light upon shedding. The four filters had the following char-

acteristics : ( 1
)

Filter No. 2B absorbed light at wave-lengths of 390 m/x and below,

the approximate colors absorbed were ultraviolet and violet light. (2) Filter No.

16 absorbed light at wave-lengths of 500 m/A and below, the approximate color range

absorbed being blue, blue green, and those colors absorbed by filter No. 2B. (3)

Filter No. 25 absorbed light at wave-lengths of 600 m/*, and below, the approximate
color range absorbed being green and yellow plus those colors absorbed by filter
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No. 16. (4) Filter No. 89B absorbed ligbt at wave-lengths of 700 in/A
and below,

the approximate color range absorbed being orange and red plus those colors

absorbed by filter No. 25. Each filter measured 10 cm. by 12 cm. and it was

placed in a darkroom safelight. A fixed intensity of 32 foot-candles was used
;
this

intensity had been found to produce optimum shedding responses in previous studies

on the effect of light-intensity on this process. Shedding responses were recorded

on two successive days. Three separate trials were made with dona intestinalis;

in each trial nine animals were allotted to a treatment. Molgula manhattensis was

not as plentiful and 6 animals were used per treatment and 2 trials were made.

RESULTS AND DISCUSSION

1. Time of shedding

In the first series of light-intensity experiments the time when shedding com-

menced after the ascidians were introduced into light was recorded. The data for

TABLE I

Mean shedding times in minutes for dona intestinalis recorded at 4 different

intensities of light

Six animals per light-intensity, shedding responses recorded on 4 consecutive days

Day
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TABLE II

Mean shedding times, in minutes for Molgula manhattensis recorded at 4 different

intensities of light

Six animals per light-intensity, shedding responses recorded on 4 consecutive days

Day
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during the 4 days. This species commenced shedding gametes 4.07 min. 2.60

after exposure to light. In Molgnla inanhattcnsis 23/24 animals shed and 71%

(68/9(> ) positive shedding responses were obtained during the 4 days; the overall

mean time when shedding commenced was 24.16 min. 4.46 after exposure to

light. Therefore, from the data above it has been shown that these two species of

ascidians have their own characteristic shedding time. If the light stimulus mediates

its effect ria the neural ganglion and neural gland complex of these animals, the

response of these structures to the light-stimulus occurs much more rapidly in Ciona

intestinalis than in Molgitla inanhattcnsis.

Since the behavior of each animal was observed on 4 successive days its overall

response pattern can be represented by a vector of 4 elements, 1 and representing

shedding and not shedding, respectively. There are thus 16 possible response pat-

terns. The distribution of the shedding response patterns of the two species ob-

served on the four consecutive days is listed in Table III. Fifty per cent (12/24)

TABLE IV

Percentage of dona intestinalis and Molgula manhattensis shedding in response to

d ifferen t light-in tensities

Light intensities

(foot-candles)
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In the present study, it has been shown that these species shed at low as well

as high light-intensities which would allow them to adapt to a fairly wide range of

naturally occurring hahitats (Van Name, 1945).

3. Wave-length

The data obtained showing the shedding response of the two species when the

wave-lengths of light were restricted to certain regions of the spectrum are pre-

sented in Tahle V. In hoth species the shedding response was reduced to below

50% when light was absorbed up to 600 m^ and totally inhibited \vhen absorbed up
to 700 m/x. These results indicate that the excitatory wave-lengths occur between

500 m/x. and 700 m//,.
A constant light-intensity was used in these experiments

32 foot-candles and therefore no interaction between light-intensity and wave-

length was shown
; however, further investigation of this aspect may help in the

understanding of the shedding phenomenon. In the experiments described, the

TABLE V

Percentage of Ciona intestinalis and Molgula manhattensis shedding in response to

restricted wave-lengths of light
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3. Intensities ranging from 0.21 to 130 foot-candles (f.c.) were used to study

light-intensity effects. High intensities did not inhibit shedding but lower intensities

0.67 f.c. and 0.40 f.c. produced a marked reduction in the shedding response.

At 0.21 f.c. shedding was completely inhibited in Ciona intestinalis and reduced to

25% in Molgula manhattensis.

4. In both species, shedding was partially inhibited when light was absorbed up

to 600 m/t and totally inhibited when absorbed to 700 m//,. This indicated that the

excitatory wave-lengths lie between 500
in//,

to 700 m/i.
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